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(54) Liquid Crystal Display Devices 

(57) A liquid crystal display device 
having a layer of liquid crystals 
sandwiched between a pair of 
substrates, of which at least one 
substrate is transparent is 
characterized in that the liquid crystal 



display device comprises a fixed 
display pattern formed by applying a 
voltage to said layer of liquid crystals. 
In Fig. 2 the display has fixed display 
portions 2 1 a to 2 1 h, a voltage of 50 V 
d.c. having been applied for five hours 
to cause the "permanent homeotropic 
orientation state" of liquid crystals. 
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SPECIFICATION 

Liquid Crystal Display Device 

The present invention relates to a liquid crystal display device having fixed alphanumeric displays 
such as numerals, letters, marks, and the like. 
5 Liquid crystal display devices are widely utilized in the field of clocks, portable or pocketable 5 
electronic calculators, etc. Meanwhile, it often becomes necessary for these devices to form previously 
fixed displays such as numerals, letters, marks, combination thereof, and the like. As an example of 
means to form such fixed display pattern, there is known the method disclosed in Japan Pat. Appl. Laid 
open No. 1 13651/1 974, wherein a bonding-spacing material is printed in the form of numerals or 

1 0 letters within a liquid crystal display device by a screen printing technique. According to this method, 10 
however, it is difficult to print the bonding-spacing material with satisfying precision. An additional 
disadvantage of this method is that the bonding-spacing material, when sandwiched between two 
electrode plates, tends to spread in the facial direction and therefore it is difficult to definitely identify 
small sizes of numerals of letters. 

1 5 Another means to form such fixed display pattern is known wherein a transparent film on which 1 5 
letters or figures have been previously printed is arranged on the outside of a substrate of a display 
device. This method, however, has the following disadvantages: the display face is darker as much as 
the used film; the fixed display pattern is seen on a raised level since the fixed display face is apart by 
the thickness of the transparent electrode substrate from the operation display face (hereinafter such 

20 appearance is referred to as "raised appearance"). .... 20 

An object of the invention is to provide a liquid crystal display device incorporating a fixed display 
pattern exhibiting the same precision as that of the operation display pattern. 

Another object of the invention is to provide a liquid crystal display device incorporating a clear 
fixed display pattern of numerals, letters, marks, or combination thereof. 

25 A further object of the invention is to provide a liquid crystal display device incorporating a fixed 25 
display pattern free from "raised appearance". 

These objects of the invention can be achived by providing a liquid crystal display device 
incorporating a fixed display pattern formed by applying a sufficiently high voltage to the liquid crystal 
in the display devices. . 

30 According to the present invention, there is provided a liquid crystal display device having a layer 30 
of liquid crystals sandwiched between a pair of substrates of which at least one substrate is 
transparent, characterized in that the liquid crystal display device comprises a fixed display pattern 
formed by applying a voltage to said layer of liquid crystals. 

Fig. 1 is a sectional view of a liquid crystal display device of this invention, 

35 Fig. 2 a plane view thereof, , 35 

Fig. 3 a graph showing the relation between applied voltage and power application time in 
forming a fixed display pattern according to the invention, 

Figs. 4 and 5 sectional views of a guest-host liquid crystal display device of the invention, and 
Figs. 6 and 7 sectional views of pleochroic liquid crystal display device of the invention. 

40 The liquid crystal display device of this invention has a fixed display pattern formed by applying a 40 
voltage, preferably a d.c. voltage or an a.c. voltage higher than the driving voltage for operation of 
display pattern, to a liquid crystal, so that the liquid crystal thereby brought to a state of alignment 
different from that of the surrounding liquid crystals may remain at such alignment after the applied 
voltage is removed. . 

45 It has been quite unexpectedly found out that liquid crystals in the state, for example, of twisted, 45 

homogeneous, homeotropic, tilted, or hybrid alignment when a d.c. voltage or an a.c. voltage higher 
than the driving voltage for operation of display is applied across electrodes for a certain period, do not 
return to the original state of alignment after removal of the voltage. The present invention has been 
accomplished on the basis of this finding. 

50 The fixed display pattern of this invention is formed by applying preferably a d.c. voltage, since 50 

the fixed display pattern can be formed with lower voltage in this case as compared with the case of 
applying an a.c. voltage. However, this invention, of course, available when an a.c. voltage is applied. 
The d.c. voltage to be applied is at least 3V, preferably 1 0V or more, and still preferably 20V or more. 
The a.c. voltage to be applied is higher than the driving voltage for the operation of display, that is, at 

55 least 1 0V, preferably 20V or more. The power application time can be reduced by raising the applied 55 
voltage, of which the upper limit can be readily determined in consideration of cost by any person 
skilled in the art. . . 

According to this invention, the way to form a fixed display in a liquid crystal display device is, for 
instance, as follows: a pair of electrodes, of which at least one is provided with a conductive 

60 alphanumeric pattern such as numerals, letters, marks, and the like, is prepared; a liquid crystal display 60 
cell is assembled by using these electrodes and other necessary members including a liquid crystal 
material; and then a d.c. voltage or an a.c. voltage higher than the driving voltage for the operation of 
display is applied between said conductive pattern and the opposite electrode for a definite time or 
more. 
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Referring now to the drawings, some embodiments of this invention are illustrated. 
In Fig. 1 , which shows a liquid crystal display device employing nematic liquid crystals twistedly 
aligned, 1 1 and 1 6 indicate a pair of substrates, 1 5 a conductive coating serving as a common 
electrode, 1 3 and 1 4 each an orienting agent or film, 1 7 a layer of a liquid crystral having positive 
5 dielectric anisotropy, and 1 2a a conductive coating in the form of numerals, letters, or the like for 5 
forming fixed display (hereinafter, such a coating is referred to as "conductive coating for forming fixed 
display"). When, to the liquid crystal molecules of twisted alignment existing between the conductive 
coating 1 2a and 1 5, there is applied a voltage higher than a level that causes the liquid crystal 
molecules to be brought to a state of homeotropic alignment and to remain in this state without 

1 0 returning to the original state of the twisted alignment even after removal of the voltage applied across 1 0 
the conductive coating 1 2a and 1 5, a fixed liquid crystal display pattern is formed by the liquid crystal 
molecules 1 8a brought to the homeotropic alignment. Accordingly, 1 8a represents the liquid crystal 
molecules brought to the state of homeotropic orientation wherein they remain without returning to 
the original twisted alignment after removal of the applied voltage. Hereinafter, such state of fixed or 

1 5 stable orientation of liquid crystal molecules is referred to as a state of "permanent homeotropic 1 5 

orientation". 

On the other hand, 1 2b indicates a conductive coating for forming operation of liquid crystal 
display. When a driving voltage is applied between the conductive coatings 12b and 1 5, the twistedly 
aligned liquid crystal molecules 1 8b turn to homeotropic alignment, thus forming an operation display 

20 pattern. On removing the driving voltage, the homeotropically oriented liquid crystal molecules 1 8b 20 
return to the original state of twisted alignment and the operation display pattern disappears. The 
suitable driving voltage, though varying depending upon the kind of liquid crystal material used, and 
the like, is generally up to the saturation potential, that is, in the order of 1 — 1 5V a.c. For the purpose 
of intensifying the pattern contrast, it is particularly preferred to operate the cell at the saturation 

25 potential. 25 
The necessary level of voltage to form the liquid crystal molecules 1 8a in the state of "permanent 
homeotropic orientation", shown in Fig. 1 , can be specified not absolutely since the orienting power of 
liquid crystals varies depending upon the kinds of liquid crystal materials and of orienting agents 
(films), the interaction between them, and also upon the power application time. However, generally 

30 speaking, this voltage is at least 3V, preferably 1 0V or more, for d.c. power, and at least 1 0V, 30 
preferably 20V or more, for a.c. power. Longer power application time is necessary with lower applied 
voltage, and vice versa. 

Fig. 3 shows the relation between applied voltage and required power application time when a 
fixed display pattern is prepared by using Nematic Phase 1 565 TNC Crystal (the trade name of a 

35 nematic liquid crystal mixture composed mainly of phenylcyclohexane group and biphenylcyclohexane 35 
group liquid crystal compounds, exhibiting positive dielectric anisotropy, supplied Merck A.G., West 
Germany) as liquid crystals and a silicon dioxide film, as an orienting film, subjected to a unidirectional 
rubbing treatment. Curve 31 in Fig. 3 was obtained by plotting the applied voltage vs. the power 
application time, required to form the molecules 1 8a, which assume "permanent homeotropic 

40 alignment". As shown in Fig. 3, the applied voltage and power application time vary depending upon 40 
the kinds of both liquid crystal material and orienting film used. However, applied voltage-power 
application time relations similar to curve 31 can be seen in the liquid crystal modes, mentioned below, 
other than said twisted nematic liquid crystal mode. 

Fig. 4 shows a guest-host liquid crystal display device employing nematic liquid crystal materials 

45 having positive dielectric anisotropy, wherein 41 and 46 indicate substrates, 45 a conductive coating 45 
serving as a common electrode, 43 and 44 each an orienting agent or film, 47 a layer of the liquid 
crystals having positive dielectric anisotropy containing a dichroic dye dissolved, and 42a a conductive 
coating for forming fixed display. When, to the liquid crystal molecules of homogeneous or twisted 
alignment existing between the conductive coating 42a and 45, there is applied a voltage higher than a 

50 level that causes the liquid crystal molecules to be brought to a state of homeotropic alignment and to 50 
remain in this state without returning to the original state of the homogeneous or twisted alignment * 
even after removal of the voltage applied across the conductive coating 42a and 45, a cloudy fixed 
display pattern is formed, on colored background with liquid crystal molecules 48a and a dichroic dye 
49a which are brought to a state of homeotropic orientation. Accordingly, 48a represents the liquid 

55 crystal molecules brought to the state of homeotropic orientation wherein they remain without 55 
returning to the original homogeneous or twisted alignment after removal of the applied voltage. 
Hereinafter, such state is referred to as a state of "permanent homeotropic orientation". On the other 
hand, 42b indicates a conductive coating for forming operation display of liquid crystal. When a driving 
voltage is applied across the conductive coatings 42b and 45, the liquid crystal molecules 48b and 

60 dichroic dye molecules 49b in the state of homogeneous or twisted alignment turn to homeotropic 60 
orientation, thus forming an operation display pattern. On removing the driving voltage, the 
homeotropically oriented liquid crystal molecules return to the original state of homogeneous or 
twisted alignment and the operation display pattern disappears. The suitable driving voltage, though 
varying depending upon the kind of liquid crystal material used, and the like, is generally up to the 

65 saturation potential, that is, in the order of 1 — 1 5V a.c. 65 
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The necessary level of voltage to form the liquid crystal molecules 48a in the state of ''permanent 
homeotropic orientation'', shown in Fig. 4, can be specified not absolutely since the orienting power of 
liquid crystals varies depending upon the kinds of liquid crystal materials and of orienting agents 
(films), the interaction between them, and also upon the power application time. However, generally 
5 speaking, this voltage is at least 3V, preferably 1 0V or more, for d.c. power, and at least 1 0V, 5 
preferably 20V or more, for a.c. power. Longer power application time is necessary with lower applied 
voltage, and vice versa. 

The typical liquid crystal materials usable for the display devices of the types shown in Figs. 1 and 
4 include those nematic having positive dielectric anisotropy, including Sniff's bases type, biphenyl 
1 0 type, azoxy type, ester type and cyclohexane type nematic compounds, and the like. The specific 1 0 

examples are as follows: 

Np-(1 ) Mixture (Sniffs base type) of 



CjHs-^O^-CH - N-^O^-CN 



and 



15 CgHis-^O^-CH = N-^O^-CN 15 

Np-(2) Mixture (biphenyl type) of 

CsHn^O^-^CN , 

20 a nd 20 

C 7 Hi30-(|o^ . 

Np-(3) Mixture (azoxy type) of 

CHaO-^O^-N = N-^O^CaHs , 

0 



25 CsHn-^O^-N = N-^O^CsHii 



and 



CM 
0 



25 
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Np-(4) Mixture (ester type) of 

CH 3 O -^cT^-COO -^0^" CN 



and 



C^H 9 -^^-COO-^0^-CN . 

5 Np-(5) Mixture (cyclohexane type) of 5 

C3H7-^^-COO^O^-CN , 

Cs HU-^H^— COO -^O^-CN 

and 

C 3 H 7 -^H^)- COO - H ^O^C 5 Hi i. 

1 0 Np-(6) Mixture (Shiff's base type) of 1 0 

CH3 0H^^CH=N-^O^-Ci»H9 , 

C2 Hs O -^0^-CH=N -^O^- O* H9 



and 

G* H 9 O -^0^-CH=N -^O^" CN 
15 Np-(7) Mixture of 1 5 

Cs Hn -^iTy^O^— CN (phenyicyclohexane type) 

and 

Cs Hn ~~^H^~^0^ ^O^"" CN (biphenylcyclohexane type) 

These mixed crystals may contain a small amount of cholesteric liquid crystal compound. 
20 Dichroic dyes usable for the guest-host type of liquid crystal display devices, as shown in Fig. 4, 20 
of this invention can be selected from a wide range of compounds. 
The specific examples are as follows: 



(a) 



C2H5O -^O^- CH=N -^O^- N=N N=CH -^C^OCzHi 

0 



(yellowish orange) 



(b) 



CHsO -^-CH-N -^-N=N -/oV N=CH-^- OCH' 



(yellowish orange) 
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(C) C 7 H ls O -0-CH=N-^N=N-^oV-N=CHHjoyOC 7 H 15 

( 0 y (yellowish orange) 



(d) 



C -H 9 -^o)- N=N -^o}- N=N -^O^C^) 



C *H 9 ~(oy- N=N -(<>)- N=N -^}~ N 



(red) 



C 2 Hs 
Nv C 2 H 5 



(red) 

(f) CwH9— (o^N=N-^0^-N=N -^)-OC3H7 



(yellow) 



(g) 



^O^- N=N -^)- N=N -^O^- nJ) 



(red) 



C 2 H 5 



w <V>- N=N -0-N=N -<0>-N^ 

C2HS 



(red) 



/ CH3 

(i) <2>- n=n n=n ^\°y~ n ^ 



(orange) 
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CsHi 7O2S -^O^- N=N -^O^- N=N-<2)-N^) 

(bli 



5 (o) C 8 Hi 7O2S N=N-/oV-N=N -^O^-N ^ 



CH 3 

(violet) 



/C 2 H 5 

(P> C^H 9 0 2 S ^-N=N-YoVn=N-0-N / 



^ C 2 H S 



(bluish violet) 



a S > =CH-CH<f" =£ 
N C-N 



_-S. ^ s. 

(q) 

I n i 

C 2 H 5 O C 2 H 5 

(bluish green) 



✓ CH3 

(r, NO^^S^ /T\ 



l°X n >- ch=ch -a5 > - n 



CH 3 
(yellowish orange) 
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T°X N >- N=CH <°>-< 



(yellow) 




(violet) 



Of these dichroic dyes # anthraqulnone dyes are particularly preferred. 

This invention can also be applied to the formation of a fixed display pattern in guest-host type of 
5 liquid crystal display devices employing nematic liquid crystals having negative dielectric anisotropy. 5 
Fig. 5 shows a sectional view of a guest-host type of liquid crystal display device according to this 
invention employing nematic liquid crystals having negative dielectric anisotropy. 

In Fig. 5, 51 and 56 indicate substrates, 55 a conductive coating serving as a common electrode, 
53 and 54 each an orienting agent or film, 57 a layer of liquid crystals having negative dielectric 

1 0 anisotropy, which contain a dichroic dye dissolved, and 52a a conductive coating for forming fixed 1 0 
display. When, to the liquid crystal molecules of homeotropic or tilted alignment existing between the 
conductive coating 52a and 55, there is applied a voltage higher than a level that causes the liquid 
crystal molecules to be brought to a state of homogeneous alignment and to remain in this state 
without returning to the original state of the homeotropic or tilted alignment even after removal of the 

1 5 voltage applied across the conductive coating 42a and 55, a fixed color display pattern is formed with 1 5 
the molecules, liquid crystal 58a and dichroic dye 59a, brought to a state of "permanent homogeneous 
orientation" from the original state of homeotropic or tilted alignment. Accordingly, 58a and 59a 
represents the liquid crystal molecules brought to the state of homgeneous orientation wherein they 
remain without returning to the original homeotropic or tilted alignment after removal of the applied 

20 voltage. Hereinafter, such state is referred to as a state of "permanent homogeneous orientation". 20 
On the other hand, 52b indicates a conductive coating for forming operation display of liquid 
crystal. When a driving voltage is applied across the conductive coatings 52b and 55, the liquid crystal 
molecules 58b and dichroic dye molecules 59b in the state of homeotropic or tilted alignment turn to 
homogeneous orientation, thus forming an operation display pattern. On removing the driving voltage, 

25 the homogeneously aligned liquid crystal molecules return to the original state of homeotropic or tilted -25 
alignment and the operation display pattern disappears. The suitable driving voltage, though varying 
depending upon the kind of liquid crystal material used, and the like, is generally up to the saturation 
potential, that is, in the order of 1 — 1 5V a.c. 

The necessary level of voltage to form the liquid crystal molecules 58a and the dichroic dye 59a 

30 in the state of "permanent homogeneous orientation", shown in Fig. 1 5, can be specified not 30 
absolutely since the orienting power of liquid crystals varies depending upon the kinds of liquid crystal 
materials and of orienting agents (films), the interaction between them, and also upon the power 
application time. However, generally speaking, this voltage is at least 3V, preferably 1 0V or more, for 
d.c. power, and at least 1 0V, preferably 20V or more, for a.c. power. Longer power, application time is 

35 necessary with lower applied voltage, and vice versa. 35 
For example, nearly the same relation as shown in Fig. 3 is seen between applied voltage and 
required power application time when electrode plates having a coat of p-methoxybenzoic acid as the 
orienting agent and a solution of an anthraquinone type dye in p-azoxyanisole as the liquid crystal 
material are used. 

40 The typical liquid crystal materials having negative dielectric anisotropy usable in this invention 40 

include the following nematic type of compounds: 



8 



GB 2 088 110 A 8 



Azoxy Type 

Nn-(1) 



CH 3 0 -{oV N=N-^0^>- CH< 



+ 
O 

and 

Nn-(2) CH 3 O -{o^- N=N ~"{°/~ OCH 3 

O 

5 Benzylideneaniline Type 5 

Nn-{3) CHaOH^O^— CH=N H^Oy~ Ci*H 9 

Nn-(4) CH 3 O — \Oy~ CH=N "^O^" OCOCH 3 
Nn-(5) Mixture of 

10 and 10 

CH 3 0—^Oy— CH=N-^0^- Ci>C 9 

Besides these liquid crystals, those of cholesteric type and smectic type may be used. 

These liquid crystals can be incorporated with suitable orienting agents, for example, organic 
chlorosilanes, organic alkoxysilanes, organic silanols, fatty acids, fatty aced esters, p-amino-benzoic 
1 5 acid, p-butylbenzoic acid, p-methoxybenzoic acid, p-benzylideneaminobenzoic acid, p-hydroxyberizoic 1 5 
acid, 3,5-dihydroxybenzoic acid, 3,4,5-trihydroxybenzoic acid, trif I uorom ethyl-trim ethoxysil an e, and 
fluorine-containing surfactants. These orienting agents can be used in the form of coating on 
electrodes. 

The dichloric dye used in this case can be selected from a wide variation. For example, the 
20 dichroic dyes cited above can be used, and among them anthraquinone type dyes are preferred in this 20 
case also. 

Furthermore, this invention can be applied to color display systems utilizing the pieochroism of 
liquid crystals. This type of display device is classified into two main types: pleochroic liquid crystal 
display devices utilizing the dichroism of liquid crystals and the foregoing guest-host type display 

25 devices utilizing the dichroism of dye. Each of the two types of display device is further divided two 25 
types, one utilizing nematic liquid crystals exhibiting positive dielectric anisotropy and the other 
utilizing those exhibiting negative dielectric anisotropy. Nematic liquid crystals having positive 
dielectric anisotropy are known to assume so-called homogeneous alignment, wherein the liquid 
crystal molecules orient in parallel with the substrates, whereas nematic liquid crystals having negative 

30 dielectric anisotropy are known to assume homeotropic alignment, wherein the liquid crystal molecules 30 
orient in the direction perpendicular to the substrates or tilted alignment with a tilt angle. 

In the guest-host type of liquid crystal display device, as mentioned above, a guest dichroic dye is * 
dissolved in a host liquid crystal material with a definite alignment, the alignment of liquid crystals is 
controlled by an electric field to concurrently control the alignment of the dye, and the change of color 

35 intensity caused thereby is displayed through a polarizing film, whereby a colored display is conducted. 35 
In contrast, the pleochroic liquid crystal display device is different from the guest-host type of liquid 
crystal display device in the point that the former employs a colored liquid crystal material such as azo- 
and azoxy-group compounds in place of a liquid crystal material colored by means of a dichroic dye. In 
recent years, the development of pleochroic liquid crystal display devices has been made since this 

40 type of display device is free from the various problems involved in the guest-host liquid crystal device, 40 
that is to say, instability, fading, and electric deterioration, of dye and further dependence on the 
solubility of dye in liquid crystals and effect of dye on orderliness. In particular, pleochroic liquid crystals 
having positive dichroic ansiotropy are useful since a negative colored display is possible by using 
them. 

45 Fig. 6 shows a sectional view of a liquid crystal device of this invention employing pleochroic 45 

liquid crystals having positive dielectric anisotropy. 
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10 



15 



In Fig. 6, 61 and 62 indicate substrates, 65 a conductive coating serving as a common 
electrode, 63 and 64 each an orienting agent or film, 67 a layer of the pleochroic liquid crystals having 
positive dielectric anisotropy, and 62a a conductive coating, for forming fixed display. When, to the 
liquid crystal molecules of homogeneously alignment existing between the conductive coating 62a and 
5 65 there is applied to voltage higher than a level that causes the liquid crystal molecules to be brought 
to a state of homeotropic alignment and to remain in this state without returning to the original state of 
the homogeneous alignment even after removal of the voltage applied across the conductive coating 
62a and 65, a fixed liquid crystal display pattern is formed by the liquid crystal molecules 68a brought 
to the homeotropic alignment. Accordingly, 68a represents the liquid crystal molecules brought to the 

1 0 state of homeotropic orientation wherein they remain without returning to the original homogeneous 
alignment after removal of the applied voltage. Hereinafter, such state is referred to as a state of 
"permanent homeotropic orientation". On the other hand, 62b indicates a conductive coating for 
forming operation display of liquid crystal. When a driving voltage is applied across the conduction 
coatings 62b and 65, the homogeneously aligned liquid crystal molecules 68b turn to homeotropic 

=1 5 alignment, thus forming an operation display pattern. On removing the driving voltage, the 

homeotropically oriented liquid crystal molecules 68b return to the original state of homogeneous 
alignment and the operation display pattern disappears. The suitable driving voltage, though varying 
depending upon the kind of liquid crystal material used, and the like, is generally up to the saturation 
potential, that is, in the order of 1 — 15V a.c. . 

20 The necessary level of voltage to form the liquid crystal molecules 68a in the state of permanent 20 

homeotropic orientation", shown in Fig. 6, can be specified not absolutely since the orienting power of 
liquid crystals varies depending upon the kinds of liquid crystal materials and of orienting agents 
(films), the interaction between them, and also upon the power application time. However, generally 
speaking, this voltage is at least 3V, preferably 1 0V or more, for d.c. power, and at least 1 0V, 

25 preferably 20V or more, for a.c. power. Longer power application time is necessary with lower applied 25 
voltage, and vice versa. . 

Nearly the same relation as shown in Fig. 3 is seen between applied voltage and required power 
application period, for example, when a mixture of p-ethoxy-p'-butylazobenzene and p-heptoxy-p'- 
butylazobenzene (a nematic pleochroic liquid crystal composition having positive dielectric anisotropy) 

30 and a silicon dioxide coating subjected to a unidirectional rubbing treatment as the orienting film are 30 

used. . , . 

The typical nematic pleochroic liquid crystals having positive dielectric anisotropy usable in this 
invention include those of azo type, for example, a mixture of p-ethoxy-p'-butylazobenzene and p- 
heptoxy-p'-butylazobenzene, and a composition prepared by further addition of p'-butoxybenzyhdene- 
35 p-cyanoaniline to said mixture. Besides these compositions, those of smectic and cholestenc type may 35 
be used. 

Fig. 7 shows a sectional view of a liquid crystal display device of this invention employing 
pleochroic liquid crystals having negative dielectric anisotropy. 

In Fig. 7, 71 and 72 indicate substrates, 75 a conductive coating serving as a common electrode, 

40 73 and 74 each an orienting agent or film, 77 a layer of the pleochroic liquid crystals having negative 40 
dielectric anisotropy, and 72a a conductive coating for forming fixed display. When to the liquid crystal 
molecules of homeotropic or tilted alignment existing between the conductive coating 72a and 75, 
there is applied a voltage higher than a level that causes the liquid crystal molecules to be brought to a 
state of homogeneous orientation and to remain in this state without returning to the original state of 

45 the homeotropic or tilted alignment even after removal of the voltage applied across the conductive 45 
coating 72a and 75, a fixed liquid crystal display pattern is formed by the liquid crystal molecules 78a 
brought to the homogeneous orientation. Accordingly, 48a represents the liquid crystal molecules _ 
brought to the state of homogeneous orientation wherein they remain without returning to the original 
homogeneous or twisted alignment after removal of the applied voltage. Hereinafter, such state is 

50 referred to as a state of "permanent homogeneous orientation". On the other hand, 72b indicates a 50 
conductive coating for forming operation display of liquid crystal. When a driving voltage is applied 
across the conductive coatings 72b and 75, the liquid crystal molecules 78b in the state of 
homeotropic or tilted alignment turn to homogeneous alignment, thus forming an operation disp^y 
pattern. On removing the driving voltage, the homogeneously oriented liquid crystal molecules 78b 

55 return to the original state of homeotropic or tilted alignment and the operation display pattern 55 
disappears. The suitable driving voltage, though varying depending upon the kind of liquid crystal 
material used, and the like, is generally up to the saturation potential, that is, in the order of 1—1 5V 
a c 

The necessary level of voltage to form the liquid crystal molecules 78a in the state of "permanent 
60 homogeneous orientation", shown in Fig. 7, can be specified not absolutely since the orienting power 60 
of liquid crystals varies depending upon the kinds of liquid crystal materials and of orienting agents 
(films) the interaction between then, and also upon the power application time. However, generally 
speaking, this voltage is at least 3V, preferably 1 0V or more, for d.c. power, and at least 1 0V, preferably 
20V or more, for a.c. power. Longer power application time is necessary with lower applied voltage, 
65 and vice versa. 65 
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Nearly the same relation as shown in Fig. 3 is seen between the applied voltage and necessary 
power application period for forming fixed display, for example, when p-methoxy~p'-butylazobenzene 
as the liquid crystals and electrode plates having a coat of p-methoxybenzoic acid as the orienting 
agent are used. 

5 The typical liquid crystals usable in this case include those of pleochroic nematic liquid crystals 5 
having negative dielectric anisotropy such as p-methoxy-p'-butylazoxybenzene. Besides this liquid 
crystals, those of smectic and cholesteric types may be used. 

These liquid crystals can be incorporated with suitable orienting agents such as organic 
chlorosilane, organic alkoxysilanes, organic silanols, fatty acids, fatty acid esters, p-aminobenzoic acid, 
1 0 p-methoxybenzoic acid, p-benzylidene aminobenzoic acid, p-hydroxybenzoic acid, 3 r 5- 10 
di hydroxy benzoic acid, 3,4,5-trihydroxybenzoic acid, trifluoromethyl trimethoxysilane, and fluorine- 
containing surfactants. These orienting agents can also be used in the form of coating on electrode * 
plates. 

In Fig. 2, which is a plane view of a liquid crystal display device containing a fixed display 
1 5 according to this invention, 2 1 a through 21 h indicate the portions of fixed display letters formed, e.g., -1 5 
with the liquid crystal molecules, 1 8a in Fig. 1 , which are brought to a state of "permanent homeotropic 
orientation", and 22a through 22e indicate the portions of operation display formed, e.g., with the 
liquid crystal molecules, 18b in Fig. 1, turning into homeotropical alignment temporarily from twisted 
alignment by applying a driving voltage. The operation display is driven by power supplied from an 
20 external circuit {not shown) through electrode terminals 23. In Fig. 2, 24 indicates a sealant formed by 20 
using a method such as screen printing and the like, and 25 a stopper. Epoxy resin base adhesives and 
the like can be used as the sealant 24 and the stopper 25. In the liquid crystal display devices shown in 
Figs. A — 7, fixed display patterns can be formed in 21 a to 21 h according to the respective liquid crystal 
display modes. 

25 It is desirable to use a substrate (for example, glass, plastics, and the like) having a transparent 25 

conductive film (for example, indium oxide, tin oxide, indium oxide-tin oxide containing tin oxide of 
0. 1 — 40% by weight, and the like) at least one surface thereof as electrode plates of a liquid crystal 
display device according to the present invention. As examples of opaque conductive film used in this 
invention, there are mentioned aluminum, gold, silver, copper, and lead. 

30 In case that nematic liquid crystals having positive dielectric anisotropy as used in liquid crystal 30 
display devices of this invention, an orienting film of suitable insulative coating can be adopted. The 
orienting film is a coating subjected to a surface treatment such as rubbing and the like so as to be 
unidirectional to its face. The typical insulating coating to be used include the orienting film comprising 
the following inorganic or organic materials: inorganic materials such as sintered glass and silicon 

35 dioxide, and the like, and organic materials such as polyimides [producible by condensation of the 35 
following diamines and acid anhydrides: diamines, e.g., m-phenylenediamine, p-phenylenediamine, rrj- 
xylenediamine, p-xylenediamine, 4,4'-diaminodiphenyl ether, 4,4'-diaminodiphenylmethane, 4,4'- 
diaminodiphenyl sulfide, 4,4'-diaminodiphenyl sulfone, 1 ,5-diaminonaphthalene, 3,3'- 
dimethy {benzidine, and bis (4-/3-amino-t-butylphenyl) ether; acid anhydrides, e.g., pyromellitic 

40 anhydride, 2,3,6,7-napththafenetetracarboxylic acid anhydride, 3,3',4,4'-diphexyltetracarboxylic acid 40 
anhydride, 1,2,5,6-naphthalenetetracarboxylic acid anhydride, 2,3,4,5-thiophenetetracarboxylic acid 
anhydride, and 2,2-bis (3',4'-dicarboxyphenyl) propane anhydride], poly (benzoxazole), poly 
(benzimidazole), poly (benzthiadiazole), poly (p-xy|ylene), polyolefins (e.g. polyethylene, 
polypropylene, etc.), poly (fluoroethylenes) and polyesters, e.g. poly (ethylene terephthalate). A coating 

45 of suitable silane coupling agent (e.g., p-glycidoxypropyltrirnethoxysilane, y- 45 
aminopropyltrimethoxysilane, etc.) can be applied onto the interface between the conductive coating 
and the orienting film. Said orienting film may also contain a suitable orientation improving agent (e.g., . 
titanium dioxide, zinc oxide, etc.). ft is also possible that nematic liquid crystals having positive 
dielectric anisotropy to assume a twisted alignment by overlapping two orienting films unidirectionally 

50 rubbed with cloth, paper, or the like so that the rubbing directions of the two films may cross each 50 
other. Meanwhile, it is known that, in this case, application of a voltage causes the twistedly aligned 
liquid crystal portions where the voltage is applied to, alone to turn to homeotropic alignment. 
Accordingly, a positive or negative display can be conducted by arranging two polarizing plates to face 
the outer surfaces of the two electrode plates, respectively, sandwiching the liquid crystal layer 

55 between them, and making the polarizing axes of the polarizing plates perpendicular or parallel to each 55 
other. 

It is also possible to provide a suitable insulating film on the conductive coating in the case of a 
liquid crystal display device employing nematic liquid crystals having negative dielectric anisotropy. 

In the liquid crystal display devices of this invention, spacers, not shown in the drawings, made of 
60 glass beads, granular aluminum oxide, or glass fibers may be arranged between the two electrode o n 
plates. DU 

Cell assembly where twisted nematic liquid crystals are used can be carried out by arranging two 
electrode plates subjected to a unidirectional orientation so that the orientation direction of the treated 
plates may cross each other at an angle of 90° to B0°±a° (a\ 1 — 20). 
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A liquid crystal material is injected into the cell thus assembled, and then the inlet port is 
stoppered with a bonding agent of epoxy type or the like to make up the display device. 

In this invention, polarizing film can be used as necessary. The suitable polarizing films are, for 
example, halogen-enriched film such as poly (vinyl alcohol) film containing iodine molecules aligned in 
5 a definite direction, dye-containing polarizing film such as poly (vinyl alcohol) film containing dichroid 5 
dye-molecules aligned in a definite direction, polyvinylene polarizing film having a polylene structure 
prepared by intramolecular dehydrochlorination of poly (vinyl chloride), metallic polarizing film, and the 
like. The polarizing film is arranged in a liquid crystal display device so as to make the polarizing axis 
parallel or perpendicular to the orienting direction of liquid crystal molecules. 
1 o This invention provides a liquid crystal display device containing a fixed display pattern haying the 1 o 
advantages: ( 1 ) the fixed display pattern is free from "raised appearance", (2) fixed alphanumeric 
display pattern such as numerals, letters, marks, and the like can be clearly identified, and (3) the fixed 
display pattern can be carried out with the same precision as that of the operation display pattern. 

This invention will be further illustrated referring to the following examples: 

15 Example 1 15 

A display electrode plate was prepared by patterning a transparent conductive coating of indium 
oxide on a glass substrate. The patterning was conducted to form an alphanumeric display such as 
letters, numerals, and the like, at the fixed display portions 21 a to 21 h and the operation display 
portions 22a to 22e, in Fig. 2. Then, a silane coupling agent, Ethyl Silicate-60 (a condensation product 

20 of several molecules of ethyl silicate, supplied by Nippon Colcoate Chemical Co.), was coated thereon, 20 
and converted into silicon dioxide film by heat treatment. Orientation treatment was effected by 
unidirectional rubbing of silicon-dioxide film face with cotton cloth. 

On the other hand, a common electrode plate was prepared by patterning a transparent 
conductive coating of indium oxide to serve as the common electrode on a glass substrate. Then, 

25 silicon dioxide film was formed and subjected to orientation treatment, in the same manner as that for 25 
preparing the display electrode plate. 

For forming a sealant 24 shown in Fig. 2, glass frit was applied along the rim of the common 
electrode plate by screen printing process, and after the common and display electrode plates were set 
face to face so that the rubbing directions of the plates might cross at right angles to each other, the 

30 glass frit was melted by heat treatment to assemble a cell. Then, a nematic liquid crystal composition 30 
of positive dielectric anisotropy, Nematic Phase 1 565 TNC Crystal (mentioned in the above description 
referring to Fig. 1 ) was injected through an injection port, which was thereafter stoppered with a 
sealant, and a polarizing film was set in a prescribed position, thus accomplishing a nematic liquid 
crystal display device. 

35 A voltage of 50V d.c. was applied for 5 hours across the common electrode and the conductive 35 

coating for forming fixed display. This resulted in a "permanent homeotropic orientation state" of liquid 
crystals, forming fixed alphanumeric display at the fixed display portions 21 a to 21 h shown in Fig. 2. 

Operation display numerals were formed by applying a driving voltage of 3V a.c. across the 
common electrode and the conductive coating for forming operation display at the operation display 

40 portions, 22a to 22e. 40 
As is evident from this example, application of a higher voltage to a layer of twisted nematic 
liquid crystals for more than a certain period of time results in a "permanent homeotropic orientation 
state" of liquid crystal molecules, as shown in Fig. 1 by 1 8a, which can be kept even in the state that 
the applied voltage is zero. This orientation state can be effectively utilized for fixed display. 

45 Example 2 45 

Formation of fixed display was repeated in the same manner as Example 1, except that poly (p- 
xylylene) was used as the orienting film in place of silicon dioxide used in Example 1 , and similar results 
were obtained. 

Example 3 

50 Formation of fixed display was repeated in the same manner as Example 1, except that mixed 50 

liquid crystal compositions cited above, Np-(2) a biphenyi type, Np-(4) an ester type, Np-(1 ) a Sbiff's 
base type, Np-(3) an azoxy type, and Np-(5) a cyclohexane type, were used separately in place of the 
liquid crystal composition used in Example 1 , and similar results were obtained. 

Example 4 

55 Similar results to those of Example 1 were obtained by forming fixed display in the liquid crystal 55 

display device prepared in Example 1 in the same manner as Example 1 , except that an applied voltage 
and a power application time were 200V a.c. and 10 hours, respectively. 

Example 5 

After preparation of display and common electrode plates and application of glass frit were 
60 carried out in the same manner as Example 1 , the two electrode plates were set face to face so that 60 
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liquid crystal molecules might assume homogeneous alignment The glass frit was melted by heat 
treatment to assemble a cell, and Nematic phase 1 565 TNC Crystal (the same liquid crystal 
composition as used in Example 1 ), in which the above-cited dichroic dye (t) (an anthraquinone-type 
dye) had been dissolved was injected into the cell. The injection port was stopped with a sealant, and a 
5 polarizing film was set in a prescribed position, thus accomplishing a guest-host liquid crystal display 5 
device. 

A voltage of 50V d.c. was applied for 5 hours across the common electrode and the conductive 
coating for forming fixed display. This resulted in a "permanent homeotropic orientation state" of liquid 
crystals, thereby forming cloudy fixed display letters in the fixed display portions 21 a to 21 h shown in 
10 Fig. 2. 10 

Cloudy operation display numerals were formed by applying a driving voltage of 5V a.c. across 
the common electrode and the conductive coating for forming operation display at portions 22a to 
22e. 

As is evident from this example, application of a higher voltage to a layer of guest-host liquid 
1 5 crystals for more than a certain period of time results in a "permanent homeotropic orientation state" f 5 
of liquid crystal molecules, as shown in Fig. 4 by 48a, which can be kept stable even in the state that 
the applied voltage is zero. This "permanent orientation state" can be effectively utilized for fixed 
display. 

Example 6 

20 Formation of fixed display was repeated in the same manner as Example 5, except that poly (p- 20 
xylylene) was used as the orienting film in place of silicon dioxide used in Example 5, and similar results 
were obtained. 

Example 7 

Formation of fixed display was repeated in the same manner as Example 5, except that mixed 
25 liquid crystal compositions cited above, Np-(2) a biphenyl type, Np-(4) an ester type, Np-(3) an azoxy 25 
type, Np-(1) a Sniff's base type, and Np-(5) a cyclohexane type were used in place of the liquid crystal 
composition used in Example 5, and similar results were obtained. 

Example 8 

Similar results were obtained on forming fixed display in the guest-host liquid crystal display 
30 device prepared in Example 5 in the same manner as Example 5, except that an applied voltage and a 30 
power application time were 200V a.c. and 10 hours, respectively. 

Example 9 

Formation of fixed display was repeated in the same manner as Example 5, except that the 
above-cited azo-type dichroic dye (i) was used in place of the anthraquinone type dichroic dye used in 
35 Example 5, and similar results were obtained. 35 

Example 10 

A display electrode plate was prepared by patterning a transparent conductive coating of indium 
oxide on a glass substrate. The patterning was conducted to form an alpha numeric display such as 
letters, numerals, and the like, at the fixed display portions 21 a to 2 1 h and the operation display 
40 portions 22a to 22e in Fig. 2. Then, p-methoxybenzoic acid was coated thereon and an orienting film 40 
was formed by drying. 

On the other hand, a common electrode plate was prepared by patterning a transparent 
conductive coating of indium oxide to serve as the common electrode on a glass substrate. Then, the 
same orienting film as on the above display electrode plate was formed thereon in the same way. 

45 Glass frit for making a sealant, as 24 in Fig. 2, was applied along the rim of the common electrode 45 

plate by screen printing process, and after the common and display electrode plates were set face to * 
face, the glass frit was melted by heat treatment to assemble a cell. Then, the above-cited compound 
No. Nn-(2)(p-azoxyanisol liquid crystal material), in which the above-cited dichroic dye (t) has been 
dissolved, was injected through an injection port, which was then stoppered with a sealant. A 

50 polarizing film was set in a prescribed position, thus accomplishing a guest-host liquid crystal device: 50 
These liquid crystal molecules were in a tilted alignment. 

A voltage of 40V d.c. was applied for 5 hours across the common electrode and the conductive 
coating for forming fixed display. This resulted in a "permanent homogeneous orientation state" of 
liquid crystals, forming colored fixed alphanumeric display at the fixed display portions 21 a to 2 1 h 

55 shown in Fig. 2. 55 
Operation display numerals were formed by applying a driving voltage of 5V a.c. across the 
common electrode and the conductive coating for forming operation display at the operation display 
portions 22a to 22e. 

As is evident from this example, application of a higher voltage to a layer of tilted guest-host 
60 liquid crystals for more than a certain period of time results in a "permanent homogeneous orientation 60 



13 



GB 2 088 110 A 13 



state" of liquid crystal molecules, as shown in Fig. 5 by 58a, which can be kept even in the state that 
the applied voltage is zero. This "permanent orientation state" can be effectively utilized for fixed 
colored display. 

Example 11 

5 Formation of colored fixed display was repeated in the same manner as Example 1 0, except that & 

a fluorine-containing surfactant 

© g 

C 8 F 17 S0 2 NHCH 2 CH 2 N(CH 3 ) 3 l 

was used in place of the p-methoxybenzoic acid orienting agent usedjn Example 1 0, and similar results 
were obtained. 

1 0 Exam P^ n J^ t5on Qf co , ored fixed disp | ay was repeated in the same manner as Example 1 0, except that 
the above-cited compound No. Nn3[N-(4-methoxybenzylidene)~4-butylaniiine liquid crystal compound] 
was used in place of the liquid crystals used in Example 1 0, and similar results were obtained. 

Example 13 . ... . . . _ 

1 5 Similar results to those of Example 1 0 were obtained by forming a colored fixed display in the 1 5 

guest-host liquid crystal display device used in Example 10 in the same manner as Example 10, except 
that an applied voltage and a power application time were 100V a.c. and 1 0 hours, respectively. 

Example 14 . . rt , 

Formation of colored fixed display was repeated in the same manner as Example 1 0 except that 
20 the above-cited dichroic azo-dye (i) was used in place of the anthraquinone-type dichroic dye used in 20 
Example 1 0, and similar results were obtained. 

EXam |n , the 5 samB manner as Example 1, preparation of display and common electrode plates, and 
application of glass frit were carried out. The two electrode plates were set face to face so that the 

25 rubbing directions of the two electrodes might become parallel to each other, and the glass frit was 25 
melted by heat treatment to assemble a cell. Then, a pleochroic nematic liquid crystal composition ^ 
having positive dielectric anisotropy, which comprises p-ethoxy-p'-butylazobenzene and p-heptoxy-p - 
butyiazobenzene, was injected into the cell through an injection port, and the port was stoppered with 
a sealant. A polarizing film was set in a prescribed position, thus accomplishing a pleochroic liquid 

30 crystal display device. 

A voltage of 40V d.c. was applied for 5 hours across the common electrode and the conductive 
coating for forming fixed display. This resulted in a "permanent homeotropic orientation state of 
liquid crystals, thereby forming colorless fixed display letters in the fixed display portions 2 1 a to 2 1 h 
shown in Fig. 2. 

^5 Operation display numerals were formed by applying a driving voltage of 7V a.c. across the 35 
common electrode and the conductive coating for forming operation display in the portions 22a to 22e. 

As is evident from this example, application of a higher voltage to a layer of pleochroic nematic 
liquid crystals for more than a certain period of time results in a "permanent homeotropic orientation 
state" of liquid crystal molecules, as shown in Fig. 6 by 68a, which can be kept stable even in the state 

40 that the applied voltage is zero. This "permanent orientation state" can be effectively for fixed display. 40 

^ m £rmation of fixed display was repeated in the same manner as Example 1 5, except that poly <p- 
xylylene) coating was used in place of the silicon dioxide orienting film used in Example 1 5, and similar 
results were obtained. 

45 Example 17 . . 45 

Similar results to those of Example 1 5 were obtained by forming fixed display in the pleochroic 
liquid crystal display device prepared in Example 1 5 in the same manner as Example 1 5, except that an 
applied voltage and a power application time were 200V a.c. and 10 hours, respectively. 

50 EXam The same liquid crystal display cell as of Example 1 0 was assembled. A nematic liquid crystal 50 
material comprising p-methoxy-p'-butyiazoxy benzene was injected through an injection port, which 
was then stopperred with a sealant. A polarizing film was set in a prescribed position, thus 
accomplishing a positive pleochroic liquid crystal display device, wherein liquid crystal molecules were 
in tilted alignment. 
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A voltage of 40V d.c. was applied for 5 hours across the common electrode and the conductive 
coating for forming fixed display. This resulted in a "permanent homogeneous orientation state" of 
liquid crystals, forming colored fixed display letters in the portions 21 a to 2 1 h shown in Fig. 2. 

Operation display numerals were formed by applying a driving voltage of 7V a.c. across the 
5 common electrode and the conductive coating for forming operation display in the portions 22a to 22e. 5 

As is evident from this example, application of a higher voltage to a layer of tilted pleochroic liquid 
crystals for more than a certain period of time results in a "permanent homogeneous orientation state" 
of liquid crystal molecules, as shown in Fig. 7 by 78a, which can be kept even in the state that the 
applied voltage is zero. This orientation state can be effectively utilized for fixed display. 

10 Example 19 

Formation of colored fixed display was repeated in the same manner as Example 1 8, except that * 0 
a fluorine containing surfactant 

© 0 

C 8 F 17 S0 2 NHCH 2 CH 2 N(CH 3 ) 3 l 

was used in place of the p-methoxybenzoic acid orienting agent used in Example 18, and similar results 
1 5 were obtained. 1 5 

Example 20 

Similar results to those of Example 1 8 were obtained by forming colored fixed display in the 
positive pleochroic liquid crystal display device prepared in. Example 18 in the same manner as Example 
1 8, except that an applied voltage and a power applicaton time were 200V a.c. and 1 0 hours, 
20 respectively. 20 

Claims 

I . A liquid crystal display device having a layer of liquid crystals sandwiched between a pair of 
substrates of which at least one substrate is transparent, characterised in that the device includes 
liquid crystals arranged to constitute a fixed display pattern by the application thereto of a voltage. 

25 2. A liquid crystal display device according to claim 1 , including a pair of substrates having a first 25 
pair of conductive coatings, said fixed display pattern being formed by applying a voltage across said 
first pair of conductive coatings effective to bring the liquid crystals existing between said coatings to 
an orientation different from that of surrounding liquid crystals with the orientation remaining after the 
applied voltage has been removed. 

30 3. A liquid crystal display device according to claim 1 or 2, wherein the applied voltage for 30 
forming the fixed display of a.c. and higher than the driving voltage for operation of the display. 

4. A liquid crystal display device according to claim 1 , or 2, wherein the applied voltage for 
forming the fixed display is of d.c. 

5. A liquid crystal display device according to claim 3, wherein the applied voltage for forming the 

35 fixed display is at least 1 0V a.c. ^ 35 

6. A liquid crystal display device according to claim 5, wherein the applied voltage for forming the 
fixed display is at least 20V a.c. 

7. A liquid crystal display device according to claim 4, wherein the applied voltage for forming the 
fixed display is at least 3V d.c. 

40 8. A liquid crystal display device according to claim 4, wherein the applied voltage for forming the 40 

fixed display is at least 10V d.c. 

9. A liquid crystal display device according to claim 8, wherein the applied voltage for forming the 
fixed display is at least 20V d.c. 

1 0. A liquid crystal display device according to any preceding claim wherein the liquid crystals of * 
45 the fixed display are nematic liquid crystals having positive dielectric anisotropy. 45 

II . A liquid crystal display device according to claim 1 0, wherein the liquid crystals surrounding 
those forming said fixed display pattern are nematic crystals in twisted alignment, having positive 
dielectric anisotropy. 

1 2. A liquid crystal display device according to claim 1 0 or 11 , wherein said liquid crystals are 

50 mixed-type nematic liquid crystals having positive dielectric anisotropy, said mixed-type nematic liquid 50 
crystals comprising a phenylcyclohexane-type liquid crystal and a biphenyl-cyclohexane-type liquid 
crystal. 

1 3. A liquid crystal display device according to claim 1 0 or 1 1 , wherein said liquid crystals are 
biphenyl-type nematic liquid crystals having positive dielectric anisotropy. 

55 14. A liquid crystal display device according to claim 1 0 or 1 1 , wherein said liquid crystals are 55 

nematic crystals of cyclohexane-type having positive dielectric anisotropy. 

15- A liquid crystal display device according to claim 1 0 or 1 1 , wherein said liquid crystals are 
nematic crystals of azoxy-type having positive dielectric anisotropy. 
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1 6. A liquid crystal display device according to claim 1 0 or 1 1 , wherein said liquid crystals are 
nematic crystals of Shiff's-type having positive dielectric anisotropy. 

1 7. A liquid crystal display device according to claim 1 0, wherein said liquid crystals are those 
containing a cholesteric liquid crystal. 

5 1 8. A liquid crystal display device according to claim 1 or 2, wherein said liquid crystals are those 5 

containing a dissolved dichroic dye. 

1 9. A liquid crystal display device according to claim 1 8, wherein said liquid crystals are nematic 
crystals having positive dielectric anisotropy and containing a dissolved dichroic dye. 

20. A liquid crystal display device according to claim 1 8 or 1 9, wherein said dichroic dye is of the 

10 anthraquinone-type. 10 

21 . A liquid crystal display device according to claim 1 8 or 1 9, wherein said dichroic dye is of 
azo-type. 

22. A liquid crystal display device according to claim 1 9, wherein the liquid crystals surroundings 
those forming said fixed display pattern are nematic crystals in twisted alignment, having positive 

* 1 5 dielectric anisotropy. 1 5 

23. A liquid crystal display device according to claim 1 9, wherein the liquid crystals surrounding 
those forming said fixed display pattern are nematic crystals in homogeneous alignment, having 
positive dielectric anisotropy. 

24. A liquid crystal display device according to claim 22 or 23, wherein said liquid crystals are 

20 mixed-type nematic liquid crystals having positive dielectric anisotropy, which comprises a 20 
phenoxycyclohexane-type liquid crystal and a biphenylcyciohexane-type liquid crystal compound. 

25. A liquid crystal display device according to claim 22 or 23, wherein said liquid crystals are 
biphenyl-type nematic liquid crystals having positive dielectric anisotropy. 

26. A liquid crystal display device according to claim 22 or 23, wherein said liquid crystals are 

25 nematic crystals of cyclohexane type, having positive dielectric anisotropy. 25 

27. A liquid crystal display device according to claim 22 or 23, wherein said liquid crystals are 
azoxy-type nematic liquid crystals having positive dielectric anisotropy. 

28. A liquid crystal display device according to claim 22 or 23, wherein said liquid crystals are 
Shiff's base-type nematic liquid crystals having positive dielectric anisotropy. 

30 29. A liquid crystal display device according to claim 1 8, wherein said liquid crystals are those 30 

containing a cholesteric liquid crystal. 

30. A liquid crystal display device according to claim 1 8, wherein said liquid crystals are nematic 
crystals having negative dielectric anisotropy. 

31 . A liquid crystal display device according to claim 30, wherein said liquid crystals are nematic 

35 crystals having negative dielectric anisotropy and containing a dissolved anthraquinone dye. 35 

32. A liquid crystal display device according to claim 30, wherein said liquid crystals are nematic 
crystals having negative dielectric anisotropy and containing a dissolved azo-dye. 

33. A liquid crystal display device according to claim 30, wherein said liquid crystals are azo-type 
nematic liquid crystals having negative dielectric anisotropy. 

40 34. A liquid crystal display device according to claim 30, wherein said liquid crystals are 40 
benzylideneaniline-type nematic liquid crystals having negative dielectric anisotropy. 

35. A liquid crystal display device according to claim 1 or 2, wherein said liquid crystals are of 
pieochroic-type. 

36. A liquid crystal display device according to claim 35, wherein said liquid crystals are 

45 pleochroic crystals having positive dielectric anisotropy. 45 

37. A liquid crystal display device according to claim 35, wherein said liquid crystals are 
pleochroic crystals having negative dielectric anisotropy. 

38. A liquid crystal display device according to claim 2 or any of claims 3 to 35 as dependent 
thereon, wherein each of said conductive coatings is provided with an orienting film thereon. 

50 39. A liquid crystal display device according to claim 38, wherein said orienting films are of an 50 

organic material selected from polyimides, poly (benzoxazole), poly (benzothiazole), poly 
(benzimidazole), poly (p-xylylene), polyolefins, poly (fluoroethylenes), and polyesters. 

40. A liquid crystal display device according to claim 38, wherein said orienting films are of 
silicon dioxide. 

55 41 . A liquid crystal display device substantially as described herein with reference to any one of 55 

the Examples. 
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